Reducing carbon emissions from the building sector is an international policy priority, as a consequence of the Paris Climate Accord obligations. The challenge for policy makers is to identify and deploy effective policy instruments targeting this sector. Examining the mechanics of policy operation in the residential sector is particularly instructive, because of the high level of building activity, diverse stakeholders, and complex policy considerations-involving both consumers and industry stakeholders. Energy policy initiatives undertaken by the European Union provide pertinent case studies; as does the operation of Australia's national building code. The paper builds upon earlier research examining the application of socio-economic transition theory to the regulation of the building sector. Here, building policy options are examined from a behavioral economics perspective, where stakeholder actions in response to strategic initiatives are considered in socio-psychological terms. The application of behavioral economics principles to building policy has the potential to impact all of the stages of the building lifecycle, from design through construction to operation. The analysis reveals how decision-making by building industry stakeholders diverges substantially from the assumptions of conventional economics. Significant implications then arise for the framing of building sector climate and energy policies, because behavioral economics has the potential to both contribute to the critical re-appraisal of current policies, and also to provide innovative options for refining interventions at key stages in the building lifecycle.
Introduction
Following the ratification of the Paris Climate Accord in December 2015 [1] governments worldwide have been deliberating on the most effective means of delivering individual commitments to mitigate national greenhouse gas (GHG) emissions. A significant body of research suggests that the building/property sector provides an unequalled opportunity for GHG abatement [2] [3] [4] [5] compared with other economic sectors.
The contribution of the IPCC (Intergovernmental Panel on Climate Change) Working Group Three to the IPCC Fifth Assessment Report provides a comprehensive overview of both the contribution of buildings to global GHG emissions, and the benefits and costs of mitigation for this sector [6] . Thus, the challenge facing governments is to devise the most effective, economically efficient policy instruments for intervention in the property sector, in order to exploit its GHG abatement potential.
When considering the formulation of policies designed to improve buildings' energy efficiency to reduce lifecycle GHG emissions, a typical approach is to view buildings as technical systems whose design is to be optimized in engineering and architectural terms [3] . This perspective point is given full expression in the application of socio-technical transition theory [7] to the building production process. An appreciation of transition theory can also be utilized in order to better understand the effectiveness (or otherwise) of building energy efficiency regulations [8] .
By way of contrast, this paper approaches the question of building energy policy instruments through the perspective offered by behavioral economics (BE) theory in order to provide a fresh perspective to assist policy makers, thus complementing the earlier analysis of transition theory. BE has been defined as a method of economic analysis that applies psychology into human decision-making in the economic domain [9] . Note that in this paper, no distinction is drawn between BE and its sister discipline behavioral science [10] .
BE seeks to re-assess conventional economic assumptions about individual perceptions and notions of value, and personal preferences. Thus, BE challenges the conventional concept of homo economicus, in which humans are seen as consistently rational agents who are driven by narrow self-interest [11] . Through psychological experimentation, BE has generated theories about human decision making and identified a range of biases in the way people think and feel [9] . Rather than making choices after careful deliberation, consumers often make intuitive judgements based on information that may be either readily accessible to memory, or prominent in the contemporary milieu, as explained by Kahneman [12] . In a practical sense, the modern school of BE owes its underpinnings to the work of Kahneman and Tversky [13] . Thaler has also played a key role in formulating BE theory and its practical application to public policy [11] .
Synergies between BE theory and the domain of public policy have already been explored to some extent in the literature (for example in [14] [15] [16] ). This analytical trajectory also extends the exploration of potential contributions from BE theory to the development of environmental policy [17] , and more specifically to climate/energy policy [18, 19] .
In regard to the application of BE principles to building energy performance and its supportive policy settings, the focus of academic reviews has tended to be on the facilitation of domestic energy conservation in a broad sense [20] [21] [22] , rather than specifically on the intersection of stakeholder behavior with building design and operation per se. The objective of this paper is to address this gap in the academic literature by focusing on the application of BE to policy interventions that deal with building sector stakeholder behavior relating to decisions on building design, construction, and operation.
It is worth pointing out (even if notionally self-evident) the following:
• Building (energy) policy initiatives ultimately depend on their fulfillment and effective deployment on behavior change by property sector stakeholders; • BE theory offers a rich body of evidence-based analysis that could be employed to enhance delivery mechanisms for these policy initiatives.
Study Methodology
The methodology for the research draws upon two complementary theoretical frameworks to examine the policy role of building energy regulations. These twin theoretical frameworks are socio-technical transition theory and behavioral economics. This paper is directed to examining potential synergies between behavioral economics and building energy policy. The methodology employed in the research project parallels the approach taken by Elbaz and Zait [23] in their investigation into the use of behavioral tools to mitigate domestic consumers' electricity consumption. This approach is based on combining a systematic literature review with detailed reference to secondary sources, then undertaking the consequent analysis and synthesis.
The paper opens by articulating the directly congruent relationship between global climate policy and building sector greenhouse gas (GHG) mitigation measures on the basis of information provided by a systematic literature review of the field. The next stage of the analysis is to review policy options-that is, alternative instruments-for the deployment of building energy policy that has developed as a consequence.
Next, the conceptual base and relevance of BE is discussed through of a review of the pertinent literature, in order to demonstrate how BE can be relevant to building policy formulation and implementation. This examination also indicates where gaps currently exist in the relevant research literature.
Case studies of building policy implementation are examined below (Section 5), as a vehicle for developing the analysis. This section of the paper also includes a critique of the current regulatory, economic, and informational approaches to building energy policy.
The paper concludes with a discussion on the analytical findings, leading to proposals for applying BE principles to building energy policy.
The paper aims to map out a fresh policy landscape arising out of an application of BE theory to the building sector. Recommendations are made for further studies to progress this evolving area of academic inquiry, together with proposals for the application of lessons from BE theory specifically to the residential property market.
Linking Climate Policy with Building Energy Policy
The concept of a policy trajectory that runs directly from global responses to climate change (enshrined in the 2015 Paris Climate Accord) [1] through measures to prioritize sectoral energy efficiency in national economies is particularly helpful in taking this analysis forward. This conceptual trajectory can then be extended to measures that specifically target the building sector for government intervention. By adopting this perspective, the role of building energy policy in meeting global climate change objectives is brought to the fore and is highlighted.
Moreover, this strategic hierarchy clearly indicates that a deliberate policy focus on building energy efficiency and low-carbon buildings is vital if national climate change policies are to be effective. A pertinent report by the International Energy Agency [24] confirms that judiciously implemented building energy codes have a key role to play in the deployment of national building energy policies. By drawing on the principles of socio-technical transition theory, it can also be shown that building codes have a substantial transformative impact on the customary behaviors and practices at play in the building industry [8] .
A variety of analyses have been concerned with the various policy instruments available to governments seeking to mitigate GHG emissions from the building sector. A study conducted for the United Nations Environment Program (UNEP) by the Central European University provides a concise overview of such policy options [25] . Other studies have also sought to address energy efficiency options from a broader perspective, which addresses an aggregate policy mix rather than individual policy instruments [26] .
For the purposes of this paper, the classification and categorization of policy instruments has been developed from a structure proposed by Rosenow [26] , which is in turn based on article seven of the EU Energy Efficiency Directive [27] .
A high-level review of the literature suggests that these policy instruments may be grouped into the following three broad categories for practical purposes, so as to facilitate further strategic analysis [26, 28, 29] :
1.
Economic and financial interventions; 2.
Regulatory approaches, including codes and standards; 3.
Information provision, consumer engagement, and industry capacity building.
Therefore, the comprehensive EU classification has been divided into three principal categories suggested by the literature (Table 1) . This classification is also broadly consistent with a structure proposed by the International Energy Agency (IEA) [29] .
In an analysis directed at understanding policy principles related to the greening of household behavior generally, rather than simply driving energy efficiency, the Organization for Economic Buildings 2019, 9, 226 4 of 23 Cooperation and Development (OECD) takes a similar approach to the categorization of policy instruments [30] , identifying these as the following:
•
Taxes, charges, and subsidies • Direct regulation • Information provision • Provision of infrastructure (by governments). By way of comparison, United States policy-makers at both national and state government levels have deployed a whole range of policy measures defined by this classification system [31] .
Foundations of Behavioral Economics

Understanding Human Behaviour
BE seeks to challenge the way that classical economics deals with people's perceptions of value, choices, and preferences. BE suggests that the conventional model of homo economicus [11] is open to being challenged, in that people are not necessarily self-interested, benefit maximizing and cost minimizing individuals with stable preferences. In Kahneman's terms [13] , a similar distinction is drawn between the rational econs who operate in the realm of classical economic theory, and the ostensibly irrational humans who inhabit the domain of BE.
Personal choices are often not made after careful deliberation [13] , but can be rather impetuous, subject to the decision-making context, and supported by information that readily comes to mind. Kahneman makes the distinction between the intuitive, rapid, relatively effortless System 1 decision-making processes, and measured, deliberate System 2 thinking processes.
It is in the expedient System 1 area that the employment of heuristics by property market participants plays such an important role. A heuristic is defined as a mental shortcut or unconscious mental rule of thumb used by individuals to simplify decisions by substituting an easier question for a more difficult one [9, 32] . Studies in the BE field suggest that people are actually conservative, resistant to change, risk averse, subject to distorted memory, and not particularly skilled in allocating economic cost and benefits to future events [11] . So, as consumers of goods and services in the free market, BE theory proposes that we are in effect predictably irrational [33] . This observation mirrors the conclusion reached by Blasch et al in a study on consumer responses to the display of appliance energy efficiency [34]-individuals with a higher level of investment literacy are more likely to undertake an exercise in economic optimization, rather than relying on a decision-making heuristic; such individuals are also more likely to identify and purchase cost-efficient appliances in the first instance.
The concepts derived from BE theory have significant implications for the development and implementation of government policy in areas as diverse as public finance, health management, and consumer protection. In fact, the potential policy repercussions of BE have given rise to an increasingly multidisciplinary approach to this discipline; that is, taking it beyond a narrow economic perspective [10] , as also evidenced by the rise of the parallel discipline of behavioral science [10] .
To date, BE has been applied to various areas of government policy, such as consumer protection, finance, labor market reform, energy policy education, and health services [35] . Recent evidence suggests that the previously limited application of BE principles to the built environment may now be changing [36] . Governments seeking to capitalize on the contribution that BE principles can make to enhanced policy delivery typically approach this task through the establishment of dedicated behavioral insight teams (BITs).
Major studies done recently by the World Bank [15] and the OECD [35] have catalogued these initiatives on a global scale. These studies have found that specialized public sector organizational units have been set up as arms of the central government in countries such as the United Kingdom, the United States, Australia, Canada, Denmark, France, Germany, Singapore, Peru, and the Netherlands in order test the application of BE principles to government policy development processes. Significantly, the World Bank and OECD reviews also found that projects being undertaken by BITs tended to be further experimental and investigatory in character; which reflects the relative immaturity of BE utilization as a policy instrument in global terms.
In the particular domain of energy policy that is the focus of this paper, the application of BE theory has been limited to areas such as the provision of consumption data to consumers, promoting the uptake of renewable energy, improving the transparency of energy contracts, and the roll-out of smart metering systems [35] .
BE Principles: The Crucial Central Role of Heuristics
A recurrent and central theme of BE theory has been the development of a deeper understanding of the impacts of heuristics on consumer behavior [13] . According to BE theory, heuristics are mental shortcuts used to cope with difficult, rationally taxing questions by substituting simpler and more intuitive answers [10] . The overwhelming array of decisions facing a consumer buying a new home [37] provides a prime example of when heuristics typically come into play.
The approach taken in this paper to investigating the application of BE principles, to the modification of the behavior of stakeholders in the building sector is illustrated in Figure 1 . Selected heuristics are used as a surrogate for BE theory in operation, then the impact of these heuristics is mapped against projected behaviors of building sector stakeholders during the course of market operation. The results of this mapping exercise are set out in Table 2 . can make to enhanced policy delivery typically approach this task through the establishment of dedicated behavioral insight teams (BITs). Major studies done recently by the World Bank [15] and the OECD [35] have catalogued these initiatives on a global scale. These studies have found that specialized public sector organizational units have been set up as arms of the central government in countries such as the United Kingdom, the United States, Australia, Canada, Denmark, France, Germany, Singapore, Peru, and the Netherlands in order test the application of BE principles to government policy development processes. Significantly, the World Bank and OECD reviews also found that projects being undertaken by BITs tended to be further experimental and investigatory in character; which reflects the relative immaturity of BE utilization as a policy instrument in global terms.
The approach taken in this paper to investigating the application of BE principles, to the modification of the behavior of stakeholders in the building sector is illustrated in Figure 1 . Selected heuristics are used as a surrogate for BE theory in operation, then the impact of these heuristics is mapped against projected behaviors of building sector stakeholders during the course of market operation. The results of this mapping exercise are set out in Table 2 . Approach to examining the impacts of behavioral heuristics on the cognitive processes employed by the building sector stakeholders, and the potential congruence between these features. Table 2 sets out a selection of heuristics distilled from the much wider group that have been developed within the BE discipline. This subset has been chosen because of its relevance to the operation of the market for building products and services; it is deliberately intended to provide the reader with an initial grasp of the relevance of cognitive heuristics to consumer behavior and decision-making in relation to the goods and services available in the property market. It is evident from Table 2 that numerous "fast thinking" [12] cognitive heuristics are utilized by individuals confronted with important and complex decisions, such as those facing homebuyers or renovators. The pervasive influence of these heuristics lends weight to analyses suggesting that consumer behavior diverges significantly from the "rational actor" model favored by orthodox economics in relation to market operation in the property sector, for example [11, 39] .
Options for Market Intervention by Policy Makers
While in theory, governments have a range of policy instruments at their disposal (Table 1) for mitigating GHG emissions from residential buildings, all of these interventions ultimately have one critical feature in common, namely: they are all directed towards triggering behavior change by building sector participants. Thus, the effectiveness of these market interventions must be measured by the degree of behavior change achieved. Later case studies in the paper (Sections 5.1-5.3) explore this question in detail.
A review of the literature suggests that a number of studies have been undertaken to identify and ideally optimize the mix of market interventions deployed by policy makers. For example, Rosenow [26] reiterates the observation that energy efficiency measures are expected to play a key role for meeting European Union targets to reduce energy use and GHG emissions. Rosenow [26] developed a framework for assessing combinations of building energy policy interventions that, it is suggested, will be more effective than the single policy measures that are typically subjected to scrutiny.
Lorch [40] observes that the success of policy interventions to reduce GHG emissions from building stock have been met with limited success for a number of reasons, including-of particular relevance to this analysis-failure to address the social aspects of building design and operation, with an over-emphasis on technical solutions. It is in this area of the social dimensions of building policy that BE theory has a potentially powerful role to play.
In a report specifically addressing the Australian building policy setting, Harrington [41] suggests that the key elements of an optimal carbon and energy policy framework for the built environment should include, inter alia, the following: national emissions targets, effective carbon pricing, strong emphasis on compliance with energy performance regulations, encouraging over-compliance with the minimum building code requirements, and encouraging an enhanced carbon performance for existing building stock. It is in these latter three areas in particular that BE tools have a potentially powerful role to play.
Policy Lessons from BE Theory
The analysis now moves on to consider how BE theory might be utilized to offer insight into the behavior of designers and residential builders responding to the requirements of performance-based building codes.
Regulations seek to change the behavior of architects and building designers. Financial measures aim to elicit a rational behavioral response from property developers, owners, and investors. Information campaigns typically aim to modify consumer choice and decision-making practices. Therefore, BE can provide powerful insights into the effectiveness of such policy instruments. BE can help determine whether desired behavioral modifications are actually being achieved in practice, and if not, which changes to policy settings are called for as a remedy.
A summary of the key actors operating in the property market is set out in Table 3 . Reference to the headline heuristics set out in Table 2 provides explanations as to why industry stakeholders may behave in an irrational manner [33] , rather than conforming with or responding rationally to the opportunities for innovation and creativity offered by performance-based building codes. Table 3 further develops the basic BE heuristics set out ( Table 2 ) earlier, by identifying their applicability to specific stakeholder groups active in the building sector/property market. Table 3 . Heuristics operating in the building sector defined in terms of affected stakeholder groups amenable to interventions based on BE principles.
Sectoral Manifestation Influenced Stakeholder Groups
Anchoring Designers set energy performance levels at a regulatory minimum, thereby failing to explore alternatives with increased consumer benefits
Building designers and architects [42, 43] Availability Consumer choices influenced by well-marketed project home designs that may lack innovation, together with informal word of mouth information
Consumers (also meaning homebuyers) [44] Bounded rationality
Homebuyers face complex choices and multi-faceted decisions, and energy efficiency is a low priority in this context
Consumers and industry professionals [34, 45, 46] Choice overload (decision fatigue)
Complexity of decisions facing consumers seems overwhelming, leading to status quo defaults
Consumers and service providers [15, 37, 38] Social norm
The Moving on from this analytical step, one is then in a position to identify opportunities for targeted market interventions that are directed towards achieving defined energy policy objectives for the building sector. Linking synergistic aspects of BE theory with the operational objectives of building energy policy will enable the identification of opportunities to improve existing policy instruments. The operation of the heuristics set out in Table 3 in the building sector has evident implications for policy formulation and delivery, which warrant further study.
Building Codes, Regulations & Standards
The effectiveness of building regulations and appliance standards as policy instruments for reducing GHG emissions in both developed and developing economies has been demonstrated extensively in the literature available from academic [25] and industry sources [3] . Major international organizations have also examined the issue, reaching similar conclusions concerning the usefulness of building performance standards (codes) as a preferred instrument for government interventions, which aim to give effect to international commitments for GHG emission abatement [28, 29, 51] . The effectiveness of building codes as a vehicle for reducing GHG emissions through the promotion of energy-efficient design practices has also been demonstrated in a number of ex-post studies (such as [52] [53] [54] [55] .
Furthermore, there is a consensus that best practice building regulations should be performance-based rather than prescriptive in character [56, 57] . Performance-based building codes have now been adopted in jurisdictions as diverse as Australia, Austria, Canada, China, Japan, the Netherlands, New Zealand, Norway, Singapore, Sweden, Spain, the United Kingdom, and the United States [58] . While these performance-based regulations focus specifically on energy efficiency outcomes rather than buildings' elemental features, their effective implementation is crucially dependent on a rational response to the mandated performance requirements by designers, architects, and engineers [59] . Gann [60] suggests that the benefits of flexible performance-based regulations are quite wide-ranging, providing firms with market incentive and institutional frameworks within which to innovate.
Case Study: Australia's Building Code
Australia's National Construction Code (NCC) has, from its inception in 1996, been structured as a performance-based building regulation [61] . Evidence obtained from ex-post studies of the NCC in operation [55] demonstrates that the effective implementation of mandatory performance-based building energy standards can deliver significant consumer benefits, in that the compliance costs can be reduced as a consequence of the industry learning processes [62] that effectively contribute to market transformation [8] .
As building codes such as Australia's NCC are amended at regular intervals [63] , such step changes offer an opportunity to analyze the operation of the socio-technical transition processes that these reforms trigger [8] . At this point, building designers have a choice between either re-specifying by making incremental changes to existing designs; or comprehensively re-designing their projects in order to take full advantage of the code performance requirements. The latter response is intrinsically rational, while the former is irrational, and exemplifies Kahneman's System 1 thinking in practice, when viewed from a BE perspective [12] .
A study of the industry learning processes at work in the Australian building sector [62] suggests that industry sectors respond differently to the upgrading of building energy standards, as follows:
•
The commercial sector-responsible for major developments comprising a relatively small proportion of aggregate market activity-has a positive response to energy-efficiency requirements, frequently exceeding the minimum compliance levels •
The residential volume builder sector-responsible for around half of new home building-design response typically includes a combination of design changes and re-specification, with the minimization of incremental cost as a key criterion • Small residential builders-responsible for around 50% of local home building-typically respond with re-specification, an expensive compliance pathway for consumers. This conclusion is consistent with the degree of cultural conservatism and change aversion evident in this sector [64] .
Research undertaken for the building regulatory agency in the State of Victoria, Australia, following the introduction of more stringent residential energy efficiency standards in 2006, sheds further light on the behavior of industry stakeholders [65] . An improvement, of some 25% in thermal efficiency, was observed during the implementation period for the new building energy standard. However, this improvement was shown predominantly as being attributable to increased building insulation levels (re-specification), rather than to more integrated design solutions that actually took advantage of the performance-based residential energy efficiency standard (redesign) [65] . A recent thorough analysis of the code-compliant home energy ratings by Moore [66] demonstrates that as-designed performance tends to cluster tightly around the stipulated regulatory minimum levels, rather than taking advantage of performance-based code objectives for truly optimum performance, from a consumer perspective. In effect, this situation represents a substantive market failure [56] .
Another important constraint on the effectiveness of building codes in practice is substantive compliance with mandated energy performance requirements; as has been pointed out in the studies from the United Kingdom [57] . The Australian situation is possibly even worse than that of the United Kingdom, according to a recent review of compliance with NCC energy efficiency provisions conducted for the Government of South Australia [67] . This forensic study of code compliance concluded that the prevailing industry attitude was generally characterized by a disturbing combination of ignorance and apathy in relation to energy-efficiency provisions. Full compliance with energy performance requirements was the exception to the norm, consumer awareness of the energy efficiency objectives was low, and the prevailing attitude of industry stakeholders was that under-performance in the energy domain was unlikely to be detected or sanctioned by regulators (or homebuyers either). Thus, one can see that the potential effectiveness of building codes as an instrument of energy policy is likely to be compromised, unless their implementation is carefully managed, utilizing a perspective that draws on behavioral principles grounded in an appreciation of industry culture.
Returning to the property sector heuristics set out Table 3 illustrates how a BE perspective can provide insight into the effectiveness of regulatory interventions through a deeper understanding of the particular heuristics that are applicable to this regulatory case study, namely: 
Financial Instruments Utilized for Energy and Climate Policy Operation
A summary of the available financial instruments is provided in the discussion paper prepared for the IEA [31] , which sets these out as the following:
• Direct taxation of CO 2 emissions • Emissions trading schemes (ETS) • Taxes on process inputs or outputs (fuel or vehicle taxes) • Subsidies for emission reductions.
In order to examine the potential congruence between BE theory and building energy policies, the case of ETS application will be investigated in some detail, because ETS represents a particularly significant and widely adopted element of national climate change policy in both developed and developing nations.
Case Study: ETS and Residential Buildings
A study for the UK Government [68] made the case for an ETS, asserting that setting a carbon price must be an essential foundation for climate-change policy. Another key public policy document in debates around climate change mitigation is the Fifth Report of the IPCC [69] . The IPCC confirms Stern's position [68] , that carbon-pricing mechanisms including cap-and-trade schemes or carbon taxes have the potential to achieve cost-effective mitigation, provided that such schemes are supported by good policy design and governance regimes.
By making emitters such as companies and consumers bear the full environmental costs of their actions, they would be influenced to switch away from high-carbon goods and services, and invest in low-carbon alternatives. Such price signals operate by increasing the relative cost of carbon-intensive, energy-inefficient buildings, so stakeholders are encouraged to shift their focus to lower carbon alternatives. This crucial behavioral change in the decisions and market choices being made by businesses and consumers is the fundamental, inescapable objective of carbon-pricing policies. However, this objective is equally often overlooked in public policy debates.
Drawing on the analysis set out in Table 3 , it can be seen that a BE perspective offers insight into the effectiveness of price-based market interventions through a deeper understanding of the behavioral heuristics that are applicable here, namely: Temporal discounting [18, 21, 45] .
The impact of these behavioral heuristics on the property market is to cause irrational behavior by consumers, which tends to undermine the financially rational responses to higher energy prices on which carbon-pricing market interventions are based [42] .
This important observation implies that additional instruments may need to be deployed by governments in support of carbon pricing, if desired policy outcomes are to be achieved in the residential building sector [70, 71] .
Stakeholder Information Provision
According to an IEA analysis [31] , policy initiatives that may be classified as information and voluntary approaches include the following: Within this category, governments in many national and regional jurisdictions have placed considerable emphasis on policy instruments that utilize the performance rating and labeling of buildings as a vehicle for market intervention, with the aim of reducing GHG emissions from buildings. The rationale behind this intervention pathway assumes that performance disclosure will lead to changes in consumer behavior as a consequence of such information provision. Thus, it is assumed that consumers will respond by purchasing or renting buildings with superior performance ratings.
An extensive analysis on the benefits of energy performance certification (EPC) schemes for buildings, as well as best practice implementation processes, has been undertaken by the IEA [72] . EPC also offers additional benefits, such as increased public energy awareness, lower consumer costs, and improved building data collection, as an input to further policy development.
BE heuristics that potentially influence the operation of climate change and energy efficiency information provision policies include the following: 
Case Study: European Union Building Certification Program
The European Union's Energy Performance of Buildings Directive (EPBD) [73] represents a major policy intervention in the building sector, which aims to deliver significant improvements in the energy efficiency of building stocks in all building sectors, for both new and existing buildings. The sweeping ambitions of the EPB program are encapsulated in its stated objective of delivering nearly zero energy buildings (NZEB) post 2020.
EPC is a key element of the EPBD. This EPC program is intended to be an instrument for market transformation by providing an information tool for market actors, such as building owners and occupiers; creating demand for building energy efficiency; influencing real-estate transactions; and offering recommendations for performance upgrades [66, 74] . Because EPC is concerned with triggering behavior change in industry stakeholders through the provision of information, its operation can be examined through the lens of BE theory when evaluating program effectiveness.
High-level analyses of EU EPC program efficacy, such as Arcipowska [66] tend to focus on process control and quality assurance issues (certifier accreditation, centralized data collection, and legislative governance) rather than actual program outcomes measured against core policy objectives. However, Arcipowska [66] does recognize the need for an independent analysis of EPC program effectiveness. With this in mind, EPC reviews undertaken at a national level are illuminating.
In a study of ten national EPC programs, Backhaus et al. [75] found the impact of EPC's on home purchasing decisions to be low. Analyzing the Norwegian housing market, Olaussen [76] found no evidence that the labels have a substantive market impact or result in a price premium for superior certified performance. In a study of the Dutch residential property market, Murphy [77] concludes that the potential impact of EPC in driving efficiency improvement in existing buildings is problematic, unless complementary policy instruments are deployed to address multiple [78] barriers. In a Swedish study, Harsman [79] suggested that consumers are influenced more by information obtained from site visits than by EPC disclosure information; hence EPCs are not likely to stimulate market decisions in favor of energy efficiency or conservation. The German housing market has been investigated by Amecke [70] , in order to assess the influence of EPCs on owner-occupied dwelling purchasers' decisions to incorporate energy efficiency into their purchasing decisions. This study concluded that energy certification actually had a limited influence on consumers.
Perhaps the most telling observation on the policy impact of current EPC programs in the EU comes from an extensive in-depth study by Backhaus, of 3000 homeowners in ten EU jurisdictions [71] . This analysis was based on a combination of in-depth interviews and a large-scale survey, which established that the EPC has a negligible impact on home-owner decision-making. These findings [71] have been attributed to a number of factors, namely: poor EPC availability, lack of awareness, and lack of understanding. These findings point to substantial flaws in consumers' behavioral responses to EPC disclosure information, in comparison to policy assumptions underlying the EPC program.
To sum up, the inadequacies in a key EU building policy initiative are attributed to unexpectedly weak and irrational consumer responses to EPC certificates. This outcome is one that a review of EPC through the lens of BE might well have anticipated (Table 3 ). Further consideration of the potential synergies between BE (heuristics) and the effective delivery of building energy policy measure is provided later in the paper (for example, Table 4 ).
Choice Overload: A Daunting Challenge Facing Homebuyers and Renovators
Purchasing or renovating the family home is a major strategic and financial decision that is undertaken relatively infrequently; hence, consumers do not have substantive personal experience to draw upon [37] .
A general analysis of the negative effects of the excessive choice options available in modern consumer societies is also applicable to the housing purchase decision scenario. Schwarz [38] demonstrates how excessive consumer choice, rather than being beneficial, can frequently lead to unhappiness; disappointment; and, ultimately, even mental depression [33, 38] .
An experimental investigation by Malhotra [37] into how information overload affects consumer decision making for house purchasing found the following:
•
The decision to buy a house normally entails substantial information seeking and processing; • A house is a product that is used and understood by almost everybody; •
It is a complex product that is evaluated in terms of many salient attributes.
Two pertinent conclusions are set out in Malhotra's study, namely:
• Consumers struggle to make detailed comparisons of more than ten alternative choices, without experiencing cognitive dysfunctionality; • Under decision overload conditions, consumers fail to make detailed comparisons of all alternatives, but adopt simplifying strategies (heuristics) to cope with the task of ranking options.
Another useful study examines the consumer choice dilemma in the case of purchasing a prefabricated house [80] . This study identifies no less than thirty parameters that must be taken into account by prospective homebuyers at a strategic decision-making level. When taken in conjunction with Malhotra's finding, that decision stress takes effect where choice alternatives reach ten or more [37] , this result suggests that prospective home purchasers operate under a cognitive regime of considerable stress and significant dysfunctionality. So, consumers need active support to successfully navigate the daunting and complicated residential property market.
This area of consumer behavior is influenced by a number of the cognitive heuristics and biases articulated previously under BE theory (per Table 3 [18, 19, 47] .
Quantification of the Benefits of Residential Sector Intervention
It was explained in the Introduction that this article of necessity takes a qualitative approach to an examination of the contribution that BE might make to building energy policy and its subordinate regulatory instruments. Nevertheless, one can provide pertinent quantitative examples of the impact of effective policy implementation based on information available from the literature. Here, the example of Australian National Construction Code will be utilized in order to illustrate the potential effectiveness of BE-based enhancements to building energy codes.
An overview of the economic benefits of progressive reforms to Australian residential building energy standards over a decade, based on data publicly available from national regulatory impact assessment reports [9] , suggests that the regulations have a benefit-cost ratio of up to 4.6:1, and deliver carbon abatement at a negative cost (cost saving) of AUD $70/tonne-CO 2 .
Further evidence for the benefits of building energy codes, this time in the United States context, is provided by Livingston [54] , who determined that the net present value of cumulative energy and cost savings from the United States codes over the study period of 1992-2040 was $230 billion. It is worth noting that-in the context of this article's central theme concerning the application of BE to improve the effectiveness of energy policy instruments-that Livingston makes a considered attempt to allow for non-compliance with building code provisions, to the extent of 25-30%, in estimating the economic benefits arising from US code implementation [54] .
A recent report prepared for the Australian Sustainable Built Environment Council (ASBEC) [81] provides quantitative evidence on the energy consumption of high performance, energy efficient buildings in comparison with a conservative base case. ASBEC finds that base case energy consumption for a code-compliant apartment building in the Melbourne, Australia, climate zone would be 73 kwh/m 2 ; adopting an accelerated reform trajectory for the building code would bring forward a revised energy efficiency target of 57 kwh/m 2 , corresponding to savings of some $300/year on the energy bill. By the same token, ASBEC reports that a base case annual energy consumption of 45.6 kwh/m 2 could be reduced to 30.5 kwh/m 2 through the accelerated deployment of more ambitious energy efficiency standards in the National Construction Code.
Discussion
It is unarguable that an effective response to the challenge of climate change and its contributory GHG emissions must include an explicit policy focus on the building sector [2] [3] [4] [5] 54] . To this end, a coherent response by governments calls for the deployment of diverse, complementary policy instruments [26, 82, 83] .
The effective implementation of building energy policy ultimately depends on achieving an intended behavioral change by the respondent sectoral stakeholder group. These outcomes require engagement with property developers, contractors, lessees, builders, or individual consumers, depending on the market sector targeted by the policy measure in question. For example, in the residential sector, consumers and building service providers are seen to be the key target stakeholder groups.
This paper seeks to break new ground by examining residential building energy policy interventions using a BE approach, wherein the behavior of key stakeholders such as consumers, designers, and builders, is addressed from a socio-psychological perspective. Although BE theory is being applied to policy implementation in areas such as consumer protection, finance, and public health, its principles have yet to be applied to the key building sector in the core area of building performance (as energy efficiency). It is worth reflecting on the contribution of residential building performance, including services such as water heating, to total residential energy demand. According to a definitive study by the Australian Government [75] , residential space conditioning and water heating accounts for over 60% of the total residential energy consumption, with the balance taken up by electrical appliances and cooking. So, policy interventions focused on improved building design and construction are particularly important for reducing residential energy consumption, as downstream interventions directed towards reducing demand during building operation will inevitably be constrained by structural factors.
Working from a grounding in BE theory, the paper explains how decisions made by building industry stakeholders differ substantially from those assumed by an orthodox (essentially economic) policy perspective. This divergence has significant implications for the framing of sectoral climate and energy policies. Thus, BE theory suggests that understanding and applying inferences drawn from an appreciation of the cognitive heuristics at play among stakeholders can contribute to a marked improvement in the prospects for successful policy intervention, to deliver sustained behavioral change. Conversely, failure to heed the lessons available from BE theory is likely to jeopardize prospects for successful policy deployment.
A high level of complementarity between key elements of BE theory-represented by cognitive heuristics-and the behavioral triggers that building energy policy seeks to influence ( Table 2) has been demonstrated. So, it follows that lessons available from BE theory might make a substantial contribution to the development of the government policy instruments that are being deployed to accelerate the transition to an energy efficient, low-carbon residential building stock (see Table 4 below for examples).
In a series of case studies (Section 5), the operation of each major category of building energy policy intervention was examined in turn. This section of the paper clarifies and reinforces the strong relationship between the tenets of BE theory and the mechanics of building policy. More revealingly, each category of policy implementation is shown to suffer from significant flaws-deficiencies that might reasonably be attributed, at least prima facie, to a failure by policy makers to appreciate the implications of the behavioral changes expected from targeted stakeholder groups. The utilization of BE principles through the application of appropriate heuristics offers a powerful vehicle for addressing these identified policy shortcomings.
Reviewing these policy failures through a BE lens better explains the following:
• Why compliance with energy efficiency requirements mandated in building regulations may be fatally compromised as a result of indifference by both building project developers and consumers; • Why price-based interventions in the property market (such as through an ETS) will not necessarily prompt a rational response from consumers; • Why consumer information campaigns such as the EU EPC initiative fail to achieve a significant market impact, or a price premium for superior certified performance, because of weak and irrational consumer responses.
These findings are summarized in Table 4 , together with selected references from the literature that could provide a platform for the development of more effective market interventions based on BE principles. BE theory suggests that understanding and applying inferences to be drawn from an appreciation of the cognitive heuristics at play among industry stakeholders could contribute to a marked improvement in the success of policy interventions, delivering a sustained behavioral change. But failure to heed the lessons available from BE theory is likely to jeopardize prospects for successful building policy deployment.
Despite the strong case for a focus on energy efficient buildings in terms of a global climate response, this policy area has yet to be appreciated by government BITs. A recent OECD study [35] into the potential application of BE principles to energy policy development concluded that areas for exploring the application of behavioral insights should specifically focus on regulatory implementation and decision making by regulatory agencies.
In the domain of climate and energy policy, which is the focus of this paper, the application of BE theory has tended to address aspects of consumer engagement with energy markets, such as the provision of consumption data, energy contract provisions, smart metering systems, and barriers to the uptake of renewable energy. Although the planning, design, construction, and operation of building projects could reasonably be seen as the essential focus for building policy, these aspects have yet to addressed by behavioral insight teams and other governmental proponents of BE.
As explained earlier, although BE has the potential to inform all stages of public policy development, its application by governments, to date, has been quite variable [14] . Many governments around the world have established BITs whose role is to explore the use of BE in public policy, and advise government agencies on the value of BE and behavioral science. However, the worldwide application of BE to public policy is still limited-most efforts are seen as operating in the exploratory or pilot phases [14] . Numerous case studies do demonstrate the successful application of BE theory to public policy in areas such as consumer protection, education, energy, environment, health and safety, taxation, telecommunications, public service delivery, and labor market reform [35] .
Expanding the methodology for this study takes the discussion on to Figure 2 . Here, the relationships between the final stages of the analysis are re-examined in order to demonstrate how further research into the enhancement of building policy instruments using BE theory might now be developed as a consequence. Figure 2 . Overview of the key analytical elements at a concluding stage, illustrating the methodological process followed in the analysis; beginning from a review of policy settings, through to the discussion of policy deployment instructions, on to a gap analysis of the potential role for BE in building policy that then leads to findings on the enhancement of policy instruments.
Conclusions
This study has not attempted to provide an exhaustive review of BE theory or the principles of climate response policy. Its scope is limited to highlighting potential areas of alignment between BE theory and those energy policy interventions that are focused, in particular, on the residential building sector. This approach facilitates the identification of opportunities for drawing on BE principles to enhance the effective operation of building energy policy instruments; that is to say, regulations, financial interventions, and information provision programs.
The study's headline conclusions may be summarized as follows:
• Strong complementarity exists between the key tenets of BE-as represented by cognitive heuristics-and the mechanics of building energy policy • Understanding the impact of cognitive heuristics on industry stakeholders' behavior can provide important contributions to the improved design of market intervention policies • Policy implementation vehicles such as building energy codes, carbon pricing, and consumer information campaigns suffer from significant delivery failures, whose underlying causes could be better diagnosed and corrected through the application of BE principles (via heuristics) •
The economic and environmental argument for market intervention using building energy codes rests on assumptions of operational effectiveness, and high levels of regulatory compliance; without compliance, such projected benefits are illusory • Behavioral insights not only hold out a promise of improved effectiveness for building policy delivery, but also the threat of compromised program outcomes, should the BE lessons fail to be learned • Governments worldwide are calling on BE theory to improve the effectiveness of policy delivery in diverse areas such as consumer protection, education, public service delivery, and labor market reform; these nascent initiatives are typically managed by specialized BITs • Application of BE theory to (building energy) policy by government BITs has tended to focus on consumer engagement with energy markets; the equally important issue of building project Figure 2 . Overview of the key analytical elements at a concluding stage, illustrating the methodological process followed in the analysis; beginning from a review of policy settings, through to the discussion of policy deployment instructions, on to a gap analysis of the potential role for BE in building policy that then leads to findings on the enhancement of policy instruments.
The economic and environmental argument for market intervention using building energy codes rests on assumptions of operational effectiveness, and high levels of regulatory compliance; without compliance, such projected benefits are illusory • Behavioral insights not only hold out a promise of improved effectiveness for building policy delivery, but also the threat of compromised program outcomes, should the BE lessons fail to be learned • Governments worldwide are calling on BE theory to improve the effectiveness of policy delivery in diverse areas such as consumer protection, education, public service delivery, and labor market reform; these nascent initiatives are typically managed by specialized BITs • Application of BE theory to (building energy) policy by government BITs has tended to focus on consumer engagement with energy markets; the equally important issue of building project delivery, from conception through, design and construction, to operation, has yet to be well examined from a BE perspective • Clearly, the next step for governments is to broaden the remit of their BITs in order to address building energy policy from a rigorous and broad-based BE perspective.
Further Research
One outcome of this analysis is that further research is shown to be valuable, if the contribution of BE to building energy/climate policy is to be successfully exploited, as follows:
•
Understanding the drivers and influencers of consumer choice and rationality-the role and true potency of building performance disclosure • Facilitating and accelerating industry learning processes to entrench effective change management, particularly in the residential building sector • Identifying international best practice approaches to building regulation in the context of behavioral factors and influences •
Understanding industry culture and the operation of peak industry bodies, as these relate to policy support and delivery By way of a concrete example, a number of suggestions for the practical application of BE principles to the residential property market can be deduced from the analysis (see Table 4 ).
First, is to recourse to BE nudging techniques to persuade building industry professionals into committing to the delivery of high performing buildings that actually exceed code minima and aim at achieving zero carbon performance levels. A nudge is defined as a non-regulatory intervention that alters the choice architecture without effecting economic incentives [9, 84] . In the same vein, one could envisage the use of targeted heuristics to engage consumers in a collaborative journey directed towards the delivery of low carbon homes with performance levels comparable with the Passivhaus standard, for example [85] .
A second approach might be to address widely recognized building code compliance and enforcement problems [56, 57, 64, 65, 67] by employing lessons from BE to properly understand, and then redirect, the response of industry stakeholders to meeting regulatory obligations. Here, the heuristics of social norms and loss aversion are likely to be applicable.
A third proposal might be to provide consumers with representative blueprints of good design to simplify decision-making and address the problem of choice overload ( Table 2 ). This approach mirrors the strategies being developed by BITs in a number of jurisdictions to simplify financial decision-making, by providing consumers with default choices. The State Government of Victoria, Australia, recently introduced a relevant initiative. Recognizing that complex and poor-value electricity supply contracts were disadvantaging consumers, the State Government decided introduce a simplified, government mandated default power supply offering. This initiative also links directly to the issue of choice overload; it is expected to save individual electricity customers up to $2000/year.
Interestingly, the design blueprint approach was implemented in the State of Victoria over sixty years ago. With the support of one of the country's leading architects and a local newspaper, the Small Home Service, it offered local homebuyers an inexpensive package of architect plans, working drawings, and construction specifications. Recently, Australia's national government has made archetypal designs for sustainable, energy efficient homes available freely to the public through a national communications program known as Your Home [86] .
It is noteworthy here that Kruzner's analysis draws attention specifically to the need for policy interventions to deliver the consumer benefits flowing from passive solar residential designs [87] .
In a study on the influence of cost-reflective electricity pricing, Hobman [22] sought to apply BE principles to the identification of opportunities for enhancing customer response by a cross-section of the population. This paper offers transferable insights that could also be applied to the investigation of linkages between BE, and building energy policy and regulation. Hobman [22] examined a series of salient heuristics (mirroring those presented in Table 3 ) in order to demonstrate how these behavioral biases act as barriers to the responses to cost-reflective pricing by consumers that were intended by policy makers. Similar behavioral barriers exist in the case of the effective operation of building energy standards; a comprehensive review undertaken for the Australian government clearly demonstrates shortcomings of precisely this type [67] .
Finally, it is worth reflecting on the fact that the residential property market is a prime opportunity for the application of BE principles to building energy policy. This is the case, because the residential property purchase and ownership lifecycle includes a series of key decision points that provide potential intervention opportunities to facilitate behavior change, using tools such as nudging [9, 49] .
These potential nudge points (highlighted on Figure 3 ) represent opportunities to alter the architecture of consumer choice at key decision points, by employing non-regulatory BE techniques that do not effect underlying project economics. It is at these points in the building lifecycle that heuristics come into play for industry stakeholders. Therefore, it is also these points that provide optimal intervention opportunities for policy makers making use of BE instruments, such as nudges. This strategy is illustrated in Figure 3 , which mirrors findings by Yoeli [49] , that interventions directed at modifying consumer choice architecture are most effective if focused on transition points in building lifecycle decision-making by consumers. that were intended by policy makers. Similar behavioral barriers exist in the case of the effective operation of building energy standards; a comprehensive review undertaken for the Australian government clearly demonstrates shortcomings of precisely this type [67] .
These potential nudge points (highlighted on Figure 3 ) represent opportunities to alter the architecture of consumer choice at key decision points, by employing non-regulatory BE techniques that do not effect underlying project economics. It is at these points in the building lifecycle that heuristics come into play for industry stakeholders. Therefore, it is also these points that provide optimal intervention opportunities for policy makers making use of BE instruments, such as nudges. This strategy is illustrated in Figure 3 , which mirrors findings by Yoeli [49] , that interventions directed at modifying consumer choice architecture are most effective if focused on transition points in building lifecycle decision-making by consumers. Figure 3 . Key decision points in the residual building ownership lifecycle that present opportunities for the application of BE change management tools, such as nudging, in order to more effectively achieve desired policy outcomes. 
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